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The aim of this research was to verify the authenticity of monofloral honeys from the territory of 
the Republic of Serbia on the basis of physicochemical parameters routinely measured in honey quality 
control using multivariate analysis. Seventeen samples of monofloral honey (11 samples of acacia honey 
and 6 samples of sunflower honey) from the territory of the Republic of Serbia were analyzed. Physico-
chemical analysis of the samples included the examination of basic quality parameters and qualitative and 
quantitative analyses of phenolic compounds. In the samples tested, a total of 93 phenolic compounds 
were tentatively identified, and 19 of them were quantified. The obtained physicochemical analysis of the 
data served as input for the multivariate analysis. The hеаt map, which is useful for visualizing numerical 
data, was used for this purpose. The obtained results showed that the applied data can serve to clearly 
separate acacia and sunflower honeys. 
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ФИЗИЧКОХЕМИСКИ ПАРАМЕЊТРИ КАКО ИНДИКАТОРИ НА АВТЕНТИЧНОСТА НА 
МОНОФЛОРАЛЕН МЕД ОД ТЕРИТОРИЈАТА НА РЕПУБЛИКА СРБИЈА 
 
Целта на ова истражување е да се потврди автентичноста на моноцветен мед од 
територијата на Република Србија врз основа на физичкохемиските параметри што рутински се 
мерат при контрола на квалитет на мед со примена на мултиваријантна анализа. Беа анализирани 
17 примероци на моноцветен мед (11 примероци мед од акација и 6 примероци мед од сончоглед) 
од територијата на Република Србија. Физичкохемиските анализа на примероците вклучуваа 
испитување на основните параметри за квалитет како и квалитативна и квантитативна анализа на 
фенолните соединенија. Во примероците што беа тестирани, хипотетички беа идентификувани 
вкупно 93 фенолни соединенија, а 19 од нив беа и квантификувани. Добиените податоци од 
физичкохемиска анализа на овие податоци беа употребени како влезна податоци за 
мултиваријантна анализа. Беше применета топлинска мапа која е корисна за визуализација на 
нумеричките податоци. Добиените резултати покажуваат дека применетите податоци може да 
послужат за јасно да се раздели медот од акација и од сончоглед.  
 
Клучни зборови: моноцветен мед; вкупни феноли; физчкохемиска анализа; мултиваријатна 
анализа 
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Honey is the natural sweet substance 
produced by Apis mellifera bees from the nectar of 
plants, from secretions of living parts of plants, or 
from the excretions of plant-sucking insects on the 
living parts of plants, which the bees collect, 
transform by combining with specific substances 
of their own, deposit, dehydrate, store, and leave in 
honeycombs to ripen and mature [1]. Honey is 
composed of sugars and other organic (amino 
acids, proteins, carotenoids, vitamins, flavonoids, 
and other phenolic compounds) and inorganic 
(macroelement and microelement minerals, such as 
potassium, magnesium, calcium, iron, phosphorus, 
sodium, manganese, iodine, zinc, lithium, cobalt, 
nickel, cadmium, copper, barium, chromium, 
selenium, arsenic, and silver) substances [2, 3]. 
Depending on the number of plant species 
from which honey is obtained, all types of honey 
can be divided into two basic groups: monofloral 
and polyfloral. Polyfloral honey is mixed honey that 
comes from various species of plants and is often 
referred to as herbal or wildflower honey. 
Monofloral honey originates from the nectar of one 
plant species, such as sunflower, acacia, linden, etc. 
[4]. In Europe, there are over 100 plant species that 
are known to provide monofloral honey, but only a 
few of them are of commercial importance [5]. 
According to Council Regulation 
2014/63/EU from May 15, 2014, relating to honey, 
the main ingredients of honey are the monosaccha-
rides fructose and glucose (at least 60 % total), di-
saccharide sucrose (5–10 %), and water (up to 20 
%). The content of free acids in honey should be a 
maximum of 50 mEq acid/100 g of honey, with an 
electrical conductivity maximum of 0.8 mS/cm, a 
diastase activity (according to Schade) of at least 8, 
and a hydroxymethylfurfural (HMF) maximum of 
40 mg/kg [1, 6]. The color, aroma, and consistency 
of honey depend on the plants from which the bees 
collect the nectar. Honey also contains a wide range 
of other substances at lower concentrations. These 
include a variety of phenolic acids, flavonoids, ami-
no acids, enzymes, proteins, etc. Differences in the 
physical and chemical composition of the same type 
of honey depend on many factors, such as agroeco-
logical environmental conditions, the presence of 
pollen in honey, meteorological factors, applied ap-
itechnics, processing, storage of honey, etc. [4, 5]. 
Pollen, propolis, and wax are the main 
sources of phenolic compounds in honey [7, 8]. 
The phenolic compounds present in honey can be 
classified into two groups: simple phenols and pol-
yphenols. Simple phenols in honey comprise dif-
ferent phenolic acids, while the most common pol-
yphenols are various flavonoids and flavones [9, 
10]. Phenolic acids and polyphenols are plant-
derived secondary metabolites. These compounds 
have been used as chemotaxonomic markers in 
plant systematics. Some of them have also been 
proposed as possible markers for the determination 
of the botanical origin of honey [11‒15]. 
Defining discriminatory factors for monoflo-
ral honey is problematic as bees generally collect 
nectar from several plant species; although, one 
species may be dominant, and, therefore, there are 
no references to absolutely pure monofloral honey. 
Therefore, this study aimed to investigate whether 
the physicochemical parameters measured to control 
the quality of honey could be used as input data for 
multivariate analysis, which would separate and 
group sunflower and acacia honey. The results ob-
tained in this study should enable the quick and easy 
verification of the authenticity of honey. 
 
2. EXPERIMENTAL SECTION 
 
2.1. Honey samples 
 
Honey samples were collected in 2010 in 
Serbia towards the end of the nectar collecting pe-
riod. The dominant honey species in this territory 




Fig. 1. Places in the Republic of Serbia where samples were col-
lected (B1, Devča; B2, Lipovača; B3, Dobrnje; B4, Banja Selters; 
B5, B10, Veliko Bonjince; B6, Rgotina; B7, Bustranje; B8, Crvi-
ca; B9, Ugljare; B11, Ljutovo; S1, Straža; S2, Mramorak; S3, 
Novi Bečej; S4, Aleksa Šantić; S5, Orom; S6, Ilinci). 
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Honey samples were collected at 17 locali-
ties (Fig. 1), and 17 samples of honey were ob-
tained (11 samples of acacia honey and 6 samples 
of sunflower honey). The selected regions are 
characterized by abundant vegetation cover of the 
above-mentioned plants. 
 
2.2. Physicochemical analysis 
 
Primary analyses were performed to verify 
the suitability of the obtained samples, and thus be 
used as primary guidance in the identification and 
classification of the botanical origin of honey. The 
honey samples were analyzed for reducing sugars, 
sucrose, water, water-insoluble substances, free 
acids, HMF, minerals, and electrical conductivity, 
according to the Harmonized European Commis-
sion methods for honey [6, 16]. Diastasis activity 
was analyzed by AOAC method 958.09 [17]. 
 
2.2.1. Determination of water content 
 
The water content in the honey was deter-
mined by measuring the refractive index using an 
Abbe refractometer (Atago® 1T Abbe refractome-
ter, Tokyo, Japan) at 20.0 °C. Water content was 
calculated by correlating the obtained refractive 
index values with the water values in the Chataway 
table [6]. 
 
2.2.2. Determination of electrical conductivity 
 
The electrical conductivity in the honey was 
determined by measuring the electrical conductivi-
ty using a WTW Cond 330i with conductivity cell 
(WTW TetraCon325) at 20 °C. The conductivity 
cell was calibrated with 0.01 M KCl solution (1413 
Μs/cm, the cell constant was 0.481/cm). A sample 
quantity equivalent to 20.0 g of anhydrous honey 
was dissolved in distilled water. The prepared solu-
tion was quantitatively transferred to a 100 ml vol-
umetric flask and filled to the volume with distilled 
water. A 40 ml aliquot of the sample solution was 
transferred to a beaker and thermostated in a water 
bath at 20 °C. Then, the electrical conductivity was 
measured [6, 16]. 
 
2.2.3. Determination of free acid content 
 
The sample was titrated in the presence of 
phenolphthalein with a solution of 0.1 mol/l sodi-
um hydroxide until a light pink color appeared. 
The free acid content, expressed in mEq of acid/kg 
of honey, was calculated using the following for-
mula [6, 16]: 
 
Free Acid Content (mEq/kg) = ml 0.1 mol/l NaOH 
× 10. 
 
2.2.4. Determination of mineral content 
 
A sample weight of 0.6–0.7 g was trans-
ferred to a polytetrafluoroethylene (PTFE) cuvette 
for microwave digestion. One milliliter of 30 % 
hydrogen peroxide and 7 ml of 65 % nitric acid 
were added. The sample was mineralized in an 
Ethos 1 microwave oven (Advanced Microwave 
Digestion System; Milestone, Italy). Upon comple-
tion of the digestion, the sample was cooled, trans-
ferred to a 50 mL volumetric flask, and filled to the 
volume with bidistilled water. The content of the 
elements (Al, Ag, B, Bi, Ba, Ca, Cd, Cr, Co, Cu, 
Fe, Ga, In, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sr, Ti, 
and Zn) was determined with a Thermo Scientific 
iCAP 6500 Duo ICP instrument (Thermo Fisher 
Scientific; Cambridge, UK). MultiElement Plasma 
Standard Solution 4, Specpure, 1 g/L, was used as 
the reference standard for all elements. The results 
obtained for the individual elements were collected 
and expressed as the percentage of minerals per kg 
of honey [6, 16]. 
 
2.2.5. Determination of the content of reducing 
sugars 
 
The principle of this method is based on the 
reduction of Fehling's solution by titration with a 
solution of reduced sugars of honey using meth-
ylene blue as an indicator [6, 16]. 
 
2.2.6. Determination of sucrose content 
 
This method is based on sucrose hydrolysis 
and the reduction of Fehling's solution by titration 
with reduced sugars from the hydrolysate of honey 
with methylene blue. The sucrose content is calcu-
lated as the difference between the amount of in-
vert sugar after and before hydrolysis, and the dif-
ference obtained is multiplied by a factor of 0.95 
[6, 16]. 
 
2.2.7. Determination of insoluble substances  
content in water by the gravimetric method 
 
Twenty grams of the sample (to the nearest 
±10 mg) was weighed and dissolved in a specified 
amount of distilled water at 80 °C, and the solution 
was mixed well. Then, the solution was filtered 
through a dried and measured sintered funnel with 
a pore size of 15–40 mm. The sediment was 
washed with boiling water (80 °C) to release sugar, 
which was determined by the Mohr test. The fun-
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nel was dried at 135 °C (drying time 1 h), cooled, 
and measured with an accuracy of 0.1 mg. The 
content of insoluble substances was calculated 
from the mass differences [6, 16]. 
 
2.2.8. Determination of HMF content  
(Winkler photometric method) 
 
The method is based on the reaction of 5-
hydroxymethylfurfural with barbituric acid and p-
toluidine to give a compound whose absorption 
maximum is in the UV‒Vis range at 550 nm [6, 
16]. 
 
2.2.9. Determination of diastasis activity 
 
Determination of the diastatic activity of 
honey is done by a photometric method in which 
an insoluble, blue-dyed, cross-linked type of starch 
is used as the substrate. This is hydrolyzed by the 
enzyme, yielding blue water-soluble fragments, 
determined photometrically at 620 nm. The ab-
sorbance of the solution is directly proportional to 
the diastatic activity of the sample [6, 16]. One 
gram of honey sample was weighed in a 100 ml 
volumetric flask and dissolved in acetate buffer 
solution (0.1 M, pH 5.2) and filled to the mark. 
The procedure was complete within 1 h. Five milli-
liters of the solution was transferred to a test tube, 
which was placed in a water bath at 40 °C. The 
blank was prepared by placing a 5.0 mL aliquot of 
the acetate buffer in another test tube, which was 
treated exactly as the sample solution. The Phadebas 
tablets were added to both solutions using tweezers, 
and started measuring the time. A reagent mixer 
was used to stir the solutions until the tablets disin-
tegrated (ca. 10 s) and the mixture was returned to 
the water bath. The reaction was terminated after 
exactly 15 min by adding 1 mL of sodium hydrox-
ide solution (0.5 M). The mixture was stirred again 
in the reagent mixer for approximately 5 s. The so-
lutions were immediately filtered using filter paper, 
and the absorbance was measured in 1 cm cuvettes 
at 620 nm using water as the reference. The absorb-
ance of the blank was subtracted from that of the 
sample solution (ΔA620) [6, 16]. 
The diastase activity is expressed as the dia-
stase number (DN) in Schade units and is defined 
as follows: one diastase unit corresponds to the 
enzyme activity of 1 g of honey, which can hydro-
lyze 0.01 g of starch in 1 h at 40 °C. Linear regres-
sion of y (diastase number) against × (ΔA620) yield-
ed the following relation: 
 
DN = 28.2 × ΔA620 + 2.64 
where 28.2 and 2.64 are the slope and intercept, 
respectively, of the best straight line obtained by 
linear regression of ΔA620 (x axis) on DN (y axis). 
 
2.2.10. Determination of total phenols in honey 
 
Total phenolic compounds were determined 
with the use of Folin-Ciocalteu's reagent. Approx-
imately five grams of honey was weighed and dis-
solved in an appropriate volume of water so that 
the concentration of honey was 0.1 g of honey/ml. 
The resulting solution was filtered (regenerated 
cellulose (RC) 0.45 μm), and the filtrate was used 
to determine the total phenolic content. Folin-
Ciocalteu reagent (2.5 mL, 0.2 mol/l) was added to 
500 μl of the solution, and 2 mL of Na2CO3 solu-
tion (75 g/l) was added after 5 min. All samples 
were incubated at room temperature in the dark for 
2 h, and then their absorbance was measured at 760 
nm. The blank contained methanol instead of hon-
ey. Gallic acid was used to construct the calibra-
tion curve [18]. The linearity coefficient was 
0.9992 (R2). 
 
2.2.11. Qualitative analysis of phenolic compounds 
 
The honey sample (100 g), to which 100 μg 
of dihydroquercetin was added as an internal 
standard, was diluted with 100 ml of water and 
then extracted three times with 100 ml of ethyl 
acetate [19]. The combined ethyl acetate solutions 
were evaporated to dryness, and the obtained ex-
tract was further used for liquid chromatography–
mass spectrometry (LC/MS) analysis. Honey ex-
tract samples (10 mg) were diluted in 1 ml of 
methanol, filtered (0.45 µm RC filter), and ana-
lyzed on an Agilent Technologies 1200 series 
HPLC using Zorbax Eclipse Plus C18 (150 × 4.6 
mm i. d.; 1.8 μm) connected to a diode array detec-
tor (DAD) and Agilent Technologies 6210 Time-
of-Flight LC/MS system equipped with an elec-
trospray ionization source (ESI), as described in 
Gođevac et al. [20]. The mobile phase consisted of 
two solvents: solvent A (water/formic acid 
[99.5:0.5 v/v]) and solvent B (acetonitrile [100 
v/v]). Phenolic compounds were eluted under the 
following conditions: 0.95 ml min−1 flow rate, gra-
dient program (0–20 min 5–16 % B, 20–28 min 
16–40 % B, 28–40 min 40–90 % B, 40–45 min 90 
% B, 45–46 min 95–5 % B, 46–51 min 5 % B), 
followed by washing and reconditioning of the 
column. The UV spectra (scanning from 190–450 
nm) were recorded for all peaks. Triplicate anal-
yses were performed for each sample. Mass spectra 
were acquired using an Agilent Technologies 6210 
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LC/ESI ToF MS System. The working parameters 
were as follows: capillary voltage, 4000 V; frag-
mentor voltage, 140 V; nebulizer pressure, 45 psig; 
drying gas, 12 l/min; gas temperature, 350 °C; 
mass range, m/z 100–1500; negative ionization 
mode. Processing of data was done with Mas-
sHunter Workstation software. 
The following standard substances were 
used for the identification and quantification of 
phenolic compounds: gallic acid, protocatechuic 
acid, p-hydroxybenzoic acid, chlorogenic acid, 
vanillic acid, caffeic acid, p-coumaric acid, ferulic 
acid, myricetin, luteolin, quercetin, apigenin, 
kaempferol, isorhamnetin, chrysin, pinocembrin, 
and galangin. Dihydroquercetin was used as the 
internal standard. 
The identification of separated honey phe-
nols was based on the comparison of chromato-
graphic data (retention times), UV spectra, and ESI 
MS spectra with authentic compounds and the 
available literature data [21], while quantification 
was performed through external calibration with 
the same compounds. The linearity range of the 
analytes, limit of detection (LOD), limit of 
quantification (LOQ), and recoveries for three con-
centration levels were determined. 
 
2.2.12. Statistical analysis 
 
All measurements were performed in tripli-
cate, and the data were expressed as the mean ± 
standard deviation (Excel 2016, Microsoft, Red-
mond, USA). Duncan's multiple range test was 
used to compare significant differences among the 
honey samples. Significant differences were statis-
tically considered at the level of p ≤ 0.05 [22]. The 
hеаt map is useful for visualizing numerical data 
because the individual values contained in the data 
matrix are represented by color. If combined with 
hierarchical classification, it becomes a useful ex-
ploratory statistical technique suitable for identify-
ing patterns in grouping, both honey and quantified 
chemical components in them. The analytical goal 
is to group honey samples into clusters so that the 
samples within the same cluster are more similar to 
each other in terms of quantified physicochemical 
parameters than to samples from other clusters. 
This way of visualizing experimental data enables 
the discovery of sub-structures inherent in a given 
data set as well as the way in which the observed 
physicochemical parameters cause the grouping of 
honey samples. To avoid the influence of the unit 
of measurement on the results of grouping, all data 
were first standardized, i.e., reduced to zero aver-
age and unit dispersion. Euclidean distance was 
used as a measure of the similarity of honey sam-
ples, while the similarity of physicochemical pa-
rameters was quantified by Pearson's correlation 
coefficient. The first step in classification is to cal-
culate the distance matrix. The grouping algorithm 
in the first step combines the samples with the 
smallest distance. The distance matrix is then re-
calculated according to the selected connection 
function. In this paper, Ward's linkage method, i.e., 
the method of the minimum sum of squares, was 
used. The input data were the contents of reducing 
sugars, sucrose, water, insoluble matter, free acids, 
HMF, minerals, total phenols, diastase activity, and 
electrical conductivity for the first model and the 
data from quantitative analysis of phenolic com-
pounds for the second model. Math Works, Inc. 
MATLAB Version 2020a software was used to 
construct the heat map. 
 
3. RESULTS AND DISCUSSION 
 
The results of the physicochemical analysis 
are reported in Tab. 1. Designations B1–B11 and 
S1–S6 represent samples of acacia and sunflower 
honey, respectively. The reducing sugar content 
was between 67.0 % (sample B9) and 80.6 % 
(sample S3), while the content of sucrose ranged 
from 0.2–0.3 %, with the exception of sample B3, 
where the reducing sugar content was 0.8 %. The 
water content was between 14.5 % (sample B3) 
and 19.8 % (sample S4). The content of insoluble 
matter in most of the samples was in the range 
0.02–0.03 %, only the sample S3 (0.05 %), sam-
ples S2, S4 and S5 (0.06 %), S6 (0.07 %), and 
sample S1 (0.08 %) had higher values. The free 
acid content ranged from 6.6 mEq/kg (sample B4) 
to 39.4 mEq/kg (sample S1). The HMF content of 
honey varied between 1.0 mg/kg (sample S1) and 
20.8 mg/kg (sample B9). The diastase activity was 
the lowest in sample B2 (8.2 Schade units/g honey) 
and the highest in sample S4 (22.7 Schade units/g 
honey). The electrical conductivity was between 
83.4 µS/cm (sample B2) and 359 µS/cm (sample 
S1). The mineral matter content was the lowest in 
sample B3 (0.04 %) and the highest in sample S6 
(0.30 %). In this research, the content of total phe-
nolic compounds was also determined. The lowest 
content of total phenolic compounds was in sample 
S2 (37.84 mg GAE/100 g honey) and the highest 
was in sample B9 (142.61 mg GAE/100 g honey). 
The tentative analysis of the samples 
demonstrated the presence of 93 phenolic com-
pounds (Tab. S1, supplementary material), 19 of 
which were quantified (gallic acid, protocatechuic 
acid, p-hydroxybenzoic acid, chlorogenic acid, 
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vanillic acid, caffeic acid, p-coumaric acid, ferulic 
acid, myricetin, luteolin, quercetin, abscisic acid, 
naringenin, apigenin, kaempferol, isorhamnetin, 
chrysin, galangin, and pinocembrin) (Tab. 2). 
The obtained results show that all tested 
samples meet the standards laid out in Council 
Regulation 2014/63/EU from 15 May 2014 [1]. 
There was a statistically significant difference in 
the results obtained with the tested honey for the 
content of water-insoluble substances and miner-
als, as well as the electrical conductivity. 
The mean moisture content values were 16.9 
± 2.4 % and 18.4 ± 1.4 % for acacia and sunflower 
honey, respectively. The obtained results are close 
to those previously reported by Sakač et al. [23] 
for acacia and sunflower honey and by Popek [24] 
and Isopescu et al. [25] for acacia honey. Sakač et 
al. [23] analyzed honey samples from the Autono-
mous Province of Vojvodina (Republic of Serbia), 
and they reported a moisture content of 16.6 ± 1.82 
% for acacia and 17.8 ± 1.55 % for sunflower hon-
ey. In our study, the moisture content was the low-
est for acacia honey, and this result is close to the 
results reported by Mădaş et al. [26]. Honey acidi-
ty is related to the presence of organic acids (for-
mic, malic, citric, succinic, gluconic acids, etc.) 
[27] and some other compounds, such as lactones, 
esters, inorganic ions [3], phenolic compounds, 
vitamin C, proteins, and other compounds, which 
can act as proton donors [23]. In our study, acacia 
honey had a lower mean value for acidity (10.7 ± 
4.8 mEq/kg) in comparation with sunflower honey 
acidity (mean value 28.6 ± 10.8 mEq/kg). The ob-
tained mean value for the acidity of acacia honey is 
in accordance with the data given by Sakač et al. 
[23] and Isopescu et al. [25]. 
 
 
T a b l e  1 
 































B1 67.5±0.5 0.2±0.1 17.1±0.7 0.02±0.01 14.5±1.2 7.6±1.1 12.1±0.3 174.0±20.2 0.15±0.02 93.13±1.45 
B2 69.3±0.8 0.3±0.1 17.6±0.6 0.02±0.00 7.9±0.3 4.6±0.3 8.2±1.2 83.4±12.4 0.06±0.01 58.17±2.91 
B3 69.4±0.5 0.8±0.2 14.5±0.2 0.02±0.00 8.4±0.7 6.5±0.7 8.3±0.9 84.3±9.7 0.04±0.01 65.27±1.46 
B4 72.8±0.1 0.3±0.0 15.8±0.1 0.03±0.01 6.6±0.2 15.0±0.9 10.3±0.4 92.0±13.9 0.06±0.01 77.53±1.41 
B5 79.2±0.4 0.2±0.0 18.4±0.9 0.02±0.01 12.2±0.1 4.7±0.2 11.1±0.1 134.0±19.0 0.08±0.01 107.58±0.00 
B6 74.5±0.8 0.2±0.1 17.3±1.2 0.03±0.01 10.4±0.8 5.0±0.2 12.9±0.8 99.7±10.8 0.05±0.00 79.71±1.47 
B7 75.9±0.3 0.2±0.0 17.1±1.0 0.02±0.00 11.9±0.2 8.8±0.1 12.1±0.2 129.0±6.5 0.06±0.01 99.54±1.45 
B8 72.6±0.1 0.2±0.0 17.1±0.3 0.03±0.00 9.9±0.7 16.6±0.4 11.3±0.5 96.8±4.1 0.05±0.01 87.85±1.45 
B9 67.0±0.9 0.3±0.1 16.0±0.3 0.02±0.01 15.5±0.3 20.8±0.2 20.0±0.3 169.0±11.3 0.10±0.02 142.61±1.45 
B10 75.4±0.6 0.2±0.1 18.5±1.0 0.02±0.01 12.4±0.8 7.2±0.9 9.0±1.3 141.0±10.0 0.08±0.02 110.07±1.41 
B11 74.4±0.6 0.2±0.1 16.1±0.7 0.02±0.00 8.4±1.2 9.4±1.0 9.1±0.9 93.1±17.5 0.05±0.02 83.35±2.23 
S1 77.8±0.2 0.2±0.0 18.7±0.3 0.08±0.02 39.4±0.3 1.0±0.0 19.3±0.1 359.0±22.7 0.24±0.03 53.99±1.49 
S2 76.4±1.0 0.3±0.1 17.4±0.6 0.06±0.01 28.4±0.8 3.4±0.3 20.5±0.2 231.0±18.3 0.14±0.02 37.84±0.97 
S3 80.6±0.5 0.2±0.0 17.4±0.7 0.05±0.01 28.4±0.4 4.8±0.1 14.4±1.3 238.0±15.1 0.12±0.02 44.05±0.74 
S4 75.2±1.1 0.3±0.1 19.8±0.2 0.06±0.01 27.1±0.9 4.0±0.1 22.7±0.1 200.0±10.0 0.12±0.02 42.80±0.55 
S5 78.3±0.7 0.2±0.1 19.0±0.9 0.06±0.02 18.5±1.3 4.9±0.3 21.2±0.1 191.0±13.3 0.12±0.03 25.45±0.06 
S6 73.9±0.4 0.3±0.1 18.2±1.1 0.07±0.01 29.7±0.4 1.5±0.2 21.2±0.5 189.0±19.4 0.30±0.01 61.09±1.04 
B – acacia honey; S – sunflower honey, Mean ± SD, p ≤ 0.05 
 
 
However, there are differences in the acidity 
of sunflower honey compared to the data reported 
by Sakač et al. [23]. The sunflower honey samples 
analyzed by the mentioned authors had a mean 
acidity value of 19.1 ± 3.19 mEq/kg, while in this 
study the mean value was 28.6 ± 10.8 mEq/kg. The 
acidity results of sunflower honey are still in 
agreement with the results obtained by Lazarević 
et al. [28], where the mean value of acidity was 
27.16 ± 7.1 mEq/kg. 
The decomposition of hexoses (glucose, 
fructose, etc.) during the Maillard reaction produc-
es HMF [29]. The maximum level of HMF in hon-
ey (40.00 mg/kg) is defined in the Codex Alimen-
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tarius standard for honey [17]. Up to 10 mg/kg of 
HMF is naturally present in honey [30], while 
higher amounts of HMF in honey may be due to 
heating of the honey or its inadequate storage [31]. 
Three of the eleven acacia honey samples (B4, B8, 
and B9) had HMF content greater than 10 mg/kg 
(15.0, 16.6, and 20.8 mg/kg, respectively), while 
the other analyzed samples had values up to 10 
mg/kg. The results obtained for acacia and sun-
flower honey are similar to those previously re-
ported by Sakač et al. [23] and Truzzi et al. [32]. 
The electrical conductivity of honey is direct-
ly correlated with the concentration of ions, acids, 
and proteins present in honey [31]. The results ob-
tained for electrical conductivity for all types of 
honey in this study differed from the results report-
ed by Lazarević et al. [28] and Sakač et al. [23], but 
the results obtained for acacia and sunflower honey 
are close to those previously reported by Truzzi et 
al. [32] for Italian and European honey. 
The mineral content of all honey samples 
varied between 0.05 % and 0.47 %, with signifi-
cant differences (p ≤ 0.05) between honey types. 
Sakač et al. [23] reported that the range of ash con-
tent was 0.05–0.11 % for acacia honey and 0.08–
0.22 % for sunflower honey, and the results ob-
tained for acacia and sunflower honey in our study 
are comparable with the results from this author. 
The measurement of water-insoluble matter 
is an important means of detecting honey impuri-
ties [17]. These impurities include wax, pollen, 
honeycomb, bees, and filth particles [33]. The con-
tent of water-insoluble matter is related to the care 
of beekeepers when collecting and storing honey 
[34]. The results obtained for acacia honey are 
close to those previously reported by Matović et al. 
[35], Ciric et al. [36], and Vranić et al. [33], while 
there are differences in the results obtained for sun-
flower honey samples. Matović et al. [35] reported 
the content of water-insoluble matter in the range 
of 0.01–0.03 % for sunflower honey, while in this 
study the content of insoluble matter was in the 
range of 0.06–0.08 %. 
Diastase is a particularly important enzyme 
in honey; its role is to convert starch to short-chain 
sugars (glucose and fructose). Decreased diastase 
activity may be caused by heating or poor honey 
storage conditions [35]. The diastase activities 
were 12.6 ± 8.7 and 19.9 ± 5.5 for acacia and sun-
flower honey, respectively, and these results are in 
accordance with the results reported by Ciric et al. 
[36] for acacia honey. There were differences in 
the results for the sunflower honey. Matović et al. 
[35] reported higher values (32.12–45.59) for dia-
stase activity obtained in this study (14.4–21.2). 
However, the obtained results are in accordance 
with the results reported by Sari and Ayyildiz [37]. 
Sugars are the main compounds in honey. 
The most represented sugars are monosaccharides, 
and, in a small amount, sucrose (disaccharide) is 
present. The obtained results (mean values) for 
reducing sugars were 72.5 ± 6.7 % and 77.0 ± 3.6 
% for acacia and sunflower honey, respectively. 
The results for acacia honey are in accordance with 
those reported by Popek [24] and Ciric et al. [36], 
while the value for sunflower honey is in accord-
ance with the results reported by Hussien [38]. The 
sucrose content was in the range of 0.2–0.3 % (ex-
cept for sample B3) for all samples, and these re-
sults were different from the literature data. 
Phenolic compounds are important compo-
nents of honey, and they are responsible for vari-
ous biological activities of honey. The mean values 
of total phenolic content were 91.35 ± 51.26 mg 
GAE/100 g and 44.2 ± 18.75 mg GAE/100 g for 
acacia and sunflower honey, respectively. The val-
ue for acacia honey is higher than the values re-
ported by Gül and Pehlivan [39] (51.91 ± 1.32 mg 
GAE/100 g) and Cheung et al. [40] (74.10 ± 7.72 
mg GAE/100 g). The results obtained for sunflow-
er honey are lower than those reported by Gül and 
Pehlivan [39] (77.64 ± 0.86 mg GAE/100 g). 
The results of Kečkeš et al. [41], who ana-
lyzed the phenolic profiles of Serbian unifloral 
honeys, for gallic acid in acacia honey agree with 
the results from this study; however, there are dif-
ferences in the concentration range for sunflower 
honey. While Kečkeš et al. [41] reported a concen-
tration range for gallic acid between 0.0 and 14.5 
µg/100 g in sunflower honey, the concentration of 
gallic acid was less than the LOQ in this study. 
The obtained concentration ranges for caffeic, p-
coumaric, and protocatechuic acid were 4 to 11 
times higher than the concentration ranges reported 
by Kečkeš et al. [41]. Another deviation in the ob-
tained results in comparison with the results re-
ported by Kečkeš et al. [41] was observed with 
abscisic acid. The presence of this acid was not 
detected in most samples (exceptions were samples 
B4, B6, B8 and B10), while in the study by Kečkeš 
et al. [41] the concentration ranges of abscisic acid 
were between 42 and 139 µg/100 g and between 3 
and 40 µg/100 g in acacia and sunflower honey 
samples, respectively. Kečkeš et al. [41] quantified 
three flavones (apigenin, luteolin, and chrysin), 
four flavanols (myricetin, quercetin, kaempferol, 
and galangin), and one flavanone (pinocembrin), 
which were also quantified in this study. 
 
S. Milosavljević, M. Jadranin, M. Mladenović, V. Tešević, N. Menković, D. Mutavdžić, G. Krstić 
Maced. J. Chem. Chem. Eng. 40 (1), xx–xx (2021) 
8 
       T a b l e  2  
 
Results of the quantitative analysis of phenolic acids and flavonoids in honey samples 
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Fig. 2. Z-score hierarchical clustering heat map visualization. The levels of physicochemical parameters are different in acacia honey 
compared to sunflower honey. The colors represent scaled expression values, with blue for low level physicochemical parameters 
and red for the high level physicochemical parameters. 
 
 
The concentration of myricetin was less lim-
it of quantification (LOQ) or limit of detection 
(LOD) in all samples in both studies, but there 
were significant differences in the concentration 
range for quercetin. In our study, the obtained con-
centration range was several times higher than in 
previous research [41]. There were also differences 
for other quantified compounds compared to the 
results presented by Kečkeš et al. [41]. 
The content of chlorogenic acid was in ac-
cordance with results reported by Sergiel et al. [42] 
and Cheung et al. [40]. The concentration of vanil-
lic acid was less than the LOD for acacia honey, 
and these results are close to those reported by 
Cheung et al. [40]. The concentrations of p-
hydroxybenzoic, vanillic, and chlorogenic acids in 
sunflower honey were lower than those previously 
described by Pauliuc et al. [43]. Ferulic acid con-
centrations were higher than the concentration re-
ported by Sergiel et al. [42] for acacia honey sam-
ples. The luteolin concentration was less than the 
LOD in the analyzed samples, and these results are 
in accordance with previous studies [42, 43]. How-
ever, the concentrations of chrysin, kaempferol, 
and pinocembrin differed from those reported by 
Sergiel et al. [42], Cheung et al. [40], and Pauliuc 
et al. [43]. These differences may be explained by 
the different geographical origins and could possi-
bly be used for the geographical classification of 
honey [40]. 
The data obtained by the physicochemical 
analysis of honey samples were used for statistical 
processing to determine a simple, fast, and inex-
pensive method for evaluating the origin and clas-
sification of honey. The data used for statistical 
processing were the contents of reducing sugars, 
sucrose, water, insoluble matter, free acids, HMF, 
minerals, and total phenols, as well as the diastase 
activity and electrical conductivity. As a result of 
this analysis, a clear separation of samples by type 
of honey was obtained into two groups, one for 
acacia and one for sunflower honey samples (Fig. 
2). The dendrogram above the heat map shows 
clear discrimination against acacia and sunflower 
honeys. In sunflower honey, almost all physico-
chemical parameters, except for HMF, sucrose, 
and total phenolic content, have high, above-
average values compared to acacia honey. 
The composition of phenolic compounds has 
been reported in the literature as a possible pa-
rameter for the classification of monofloral honey 
using multivariate analysis of these data [11‒15]. 
The input data used for this honey analysis did not 
give good separation of the honey into the groups. 
This may be due to the extremely low percentage 
of quantified phenolic compounds, and it should be 
verified if there was indeed a possibility of group-
ing honey based on the phenolic profile only after 




In this study, we showed that the results ob-
tained by standard laboratory analyses used for 
routine verification of honey have proven to be 
good and reliable inputs for multivariate analysis, 
which can verify the authenticity of the test sample 
and its monofloral affiliation. The obtained results 
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could be widely applicable for the detection of fake 
honey, i.e., honey with a false declaration without 
additional financial cost. Laboratories that control 
the physicochemical parameters of honey only need 
some of the multivariate analysis software and data-
bases created from the data obtained for monofloral 
honey. This would significantly reduce, if not pre-
vent, the presence of fake honey in market. 
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